Abstract -Pouting, Trisopterus luscus is harvested commercially on the Galician shelf by the Spanish inshore artisanal fleet. In spite of a substantial decrease in pouting catches, fishery regulations are limited to size length restrictions. This study provides biological data including length-at-maturity based on histological methods, seasonal maturation, spawning and fecundity. A collection 443 females, from 17 to 42 cm in total length, were sampled from landings (December 2003 to December 2004. Pouting length-at-maturity was estimated as 19.2 cm on average. Pouting females in spawning condition were observed throughout the year and the number of developing oocytes ranged from 20 000 to 1 327 000. Peak spawning was observed between February and April, which correlated well with trends in gonadosomatic index, and inverse to condition factor and hepatosomatic index. Histological examination of the gonads revealed that pouting ovarian development organization is asynchronous, and fecundity is probably determinate.
Introduction
Knowledge of the reproductive biology of a fish species is essential for effective fishery management (Marshall et al. 2003) . There is increasing awareness that the traditional indicators of stock viability are inadequate because the capacity of a population to produce viable eggs and larvae each year is extremely important for stock viability and recovery (Kraus et al. 2002; . Improved estimates of population reproductive potential should thus lead to improved Stock-Recruitment relationships (Marshall et al. 1998) . Marshall et al. 2003) . Total egg production may be more greatly influenced by environmental conditions in species with indeterminate fecundity than it is in species with determinate fecundity , which depend mainly on energetic reserves. Fecundity studies allow estimation of total egg production and recruitment (e.g., Kraus et al. 2002 ) of a fish stock. The pouting, Trisopterus luscus (Linnaeus 1758), is distributed throughout the Atlantic Ocean, from the Skagerrak and the British Isles to southern Morocco, and into the western Mediterranean. This species rarely grows to more than 40 cm in length and 4 years of age . The preferred habitat is areas with rocky and sandy sea bottom on the continental shelf, at depths of 30-100 m (Wheeler 1978; Whitehead et al. 1986 ). Pouting is a member of the Gadoid family and is of major commercial importance for the artisanal fleet of a number of European countries, primarily France, Portugal, and Spain. The highest recorded landings occurred on the Galician shelf during 1979 (27 036 t), a slow but steady decrease in catches was then observed until 1998 (11 118 t). In 2005, the total catches amounted to 12 460 t. Despite this decline, there was only limited size restriction in Galicia (minimum legal size: 20 cm TL). Information about this species was scarce, e.g. growth (Puente 1988; Merayo and Villegas 1994) , distribution, fish assemblage and selectivity (França et al. 2004; Fonseca et al. 2005) , feeding ecology and parasitology (Tirard et al. 1996; Fowler et al. 1999) .
Knowledge of pouting reproductive biology is generally sparse. Previous reproductive studies have been limited in scope Desmarchelier 1985; Merayo 1996a ) and assumed that pouting was a species with determinate fecundity, although it presents asynchronous ovarian development organization -a common feature of indeterminate species . Aspects such as follicular atresia or temporal variation of fecundity were considered for the first time in the present study. Additionally, no evidence for determinate fecundity had been previously demonstrated, and this assumption needed to be verified to provide a proper estimation of total egg production for future fishery management. The purpose of this study was to delineate length-at-maturity in female pouting using histological methods, the seasonal cycle of sexual maturation, the extent of follicular atresia, timing of spawning, and fecundity type.
Materials and methods
Assessment of pouting fecundity type required sample collection to be spread out over time: samples were thus taken from December 2003 to December 2004, but excluded August and September 2004. Pouting samples were collected from landings in Ribeira (Galicia, Spain), at least once a month (Table 1) . The pouting had been caught by the artisanal fleet using traps or nets in five different locations (Fig. 1) , on the same day as they were sampled. A total of 443 females were sampled ranging from 17 to 42 cm in total length (Fig. 2) . The following information was collected from each female: total length (L mm), gutted weight (W + 0.01g), maturation stage, gonad weight and liver weight (GW and LW, +0.01g). For each mature female, the gonadosomatic index (GSI), hepatosomatic index (HSI) and condition factor (K) were estimated as follows:
Ovaries were removed from all specimens (n = 443) and fixed immediately in 3.6% buffered formalin. Central portions of the fixed ovaries were extracted, dehydrated, embedded in paraffin, sectioned at 3 µm and stained with haematoxylin-eosin for microscopic analysis using a Leica DM RE (Digital Microscope series RE). For each female, the follicles (oocytes and surrounding follicular layer) were classified into stages of development using histological criteria (West 1990; Tyler and Sumpter 1996; Saborido-Rey and Junquera 1998; . The stages assigned were primary growth, cortical alveoli, vitellogenesis and hydrated. Other ovarian structures, such as atretic oocytes and postovulatory follicles (POF), were identified and their presence was scored for every slide (Table 2 ). Female maturity status was based on the most advanced oocyte development stage contained within the ovary, the presence of POF and percentage of vitellogenesis atresia (Dominguez-Petit 2007) i.e. the following microscopic description of maturity stages (Table 3 ). All females with ovaries in the maturity stages defined above were considered mature. Females were considered immature when only primary-growth-stage oocytes were present and there was no evidence of prior spawning activity, e.g. thick ovary wall.
Macroscopic observations classified females into only two maturity stages (Table 3) : immature and mature (mature included stages: ripening, spawning, spawning-hydrated, spent and recovering). To define female maturity as a function of body length, a logistic equation was fitted to the maturity-at-length data, based on the histological and the macroscopic maturity classification method.P
and the logit transformation:
WhereP is the predicted proportion mature, a and b the estimated coefficients of the logistic equation and L the female body length. Length at maturity (L 50 ) was considered as the length at which 50% of the females were mature, i.e. -a/b in Eq. (3). Macroscopic and microscopic determination of size at maturity was compared using the methodology described in Saborido-Rey and Junquera (1998). Statistica 6.0 for Windows software was used to calculate predicted values and coefficients. Histological sections and stereology were used as described by Emerson et al. (1991) to estimate intensity of atresia 386 A. Alonso-Fernández et al.: Aquat. Living Resour. 21, 383-393 (2008) ( Kurita et al. 2003 ) based on the Delesse principle: average relative intensity of atresia (RIA): the geometric mean of relative intensity of follicular atresia among fish with atresia, multiplied by prevalence. This index indicates relative intensity of atresia at the population level. It is possible to determine the number of cells, e.g. atretic oocytes, from histological sections by applying the principles of stereology. In the present work, stereology was applied to estimate the number of atretic oocytes following Emerson's method (Emerson et al. 1991 ) based on the Delesse principle, and using the Weibel equation (Weibel et al. 1966 ) presented by . The Delesse principle states that the fractional volume of a component is proportional to its fractional cross sectional area, in this case the histological ovary section where we applied the Weibel grid to count the points associated with atretic oocytes.
In species with determinate fecundity, the annual fecundity is considered to correspond to potential fecundity after correcting for atretic losses. The annual fecundity, for species with indeterminate fecundity, should be calculated by estimating the number of oocytes spawned per batch, the percentage of females spawning per day (spawning fraction), and the duration of the spawning season (Hunter and Macewicz 1985) .
The number of developing oocytes, NDO, was estimated by separating oocytes following the methodology described by Lowerre-Barbieri and Barbieri (1993) . The NDO is the standing stock of yolked oocytes Domínguez-Petit 2007) . Oocytes (n = 952) were previously measured in histological sections to establish their threshold size in the cortical alveoli stage, which was fixed at 150 µm. The number of oocytes in the ovary (n = 99 ovaries) was estimated by combining the gravimetric method with a computer-aided image analysis system that enumerated and measured oocyte diameters in a subsample of ∼0.050 g. Measurements (number of oocytes >100 in each ovary) were performed using QWin software ( c Leica Imaging Systems) on a PC (AMD Athlon XP 3000+) connected to a video camera 388 A. Alonso-Fernández et al.: Aquat. Living Resour. 21, 383-393 (2008) (Leica IC A) on a stereo microscope (Leica MZ6). The relative number of developing oocytes, RNDO, was assessed by individually dividing the NDO by the W (n o oocytes/g of female). Batch fecundity was estimated from ovaries without POF or with POF older than 24 hours (Domínguez-Petit 2007), using the simple method described by Bagenal and Braum (1978) . Hydrated oocytes were counted manually in a 150 mg subsample, and the image analysis system was tested for batch fecundity with a high correlation coefficient between the results of both methods (r 2 = 0.908, p < 0.001). Nonparametric Kruskal-Wallis tests (H-tests) were applied looking for difference in GSI, HSI and K indexes throughout the year and between maturity stages. For NDO-Length relationships nonlinear power models were fitted, while for NDO-Weight relationships we used simple linear regression. ANCOVA tests were applied to compare those relationships, after respective linear transformation, between pre-spawning and spawning females.
Results

Reproductive cycle
Female pouting maturation was assessed throughout the year (Fig. 3) , and at least some of the population was seen to be spawning every month (spawning includes the stages: spawning-hydrated, recently spawned and partly spent). Nearly all females participated in spawning during February (100%), March (75%), and April (100%), indicating that the primary spawning season extends from late winter through early spring. The rate of spawning declined in May (40%) and the proportion of post-spawning females increased (20%). The proportion of females in the recovering stage increased from the end of the spawning season in late spring until early autumn. Similarly, the number of specimens at the ripening stage increased after the primary spawning season. This pattern seems to be corroborated by the seasonal variability in GSI, HSI and K (Fig. 4) . The mean GSI values remained low between May and December (GSI < 3), then sharply increased between December and January, and peaked between January and March. The peak GSI period coincided with a peak in the proportion of females at the hydrated stage.
HSI and K fluctuated throughout the year almost in parallel (Fig. 4) . but followed an opposite pattern to GSI during the spawning season (winter-early spring): the highest values of HSI and K were observed from October to January (HSI > 5), prior to peak spawning, and decreasing during the spawning season to reach their minimum in April-July, at the end of main spawning activity. Nevertheless, the three indexes remained at low levels in females at the spent stage (inactive mature) (Table 4 ). These differences between months were significant for HSI (H-test: H (10,n=193) = 70.69, p < 0.01) and K (H (10,n=404) = 75.81, p < 0.01), and changed significantly with maturity stage (H (5,n=193) = 33.33, p < 0.01 and H (5,n=403) = 23.92, p < 0.01, respectively). A clear decreasing pattern was observed from the highest values of HSI and K in pre-spawning females to the lowest values at the end of spawning activity (Fig. 4) . 
Maturity ogives
All specimens sampled during the year were used to estimate maturity ogives and length at 50% maturity (L 50 , Fig. 5 ), based on macroscopic and microscopic (histological) maturity staging methods. There were significant differences between the L 50 estimates (Z = 7.29, p < 0.01) based on the macroscopic, 22 cm, and microscopic, 19.2 cm maturity classification methods (Table 5) . Similarly, the maturity ogives differed in shape (Fig. 5) . The main differences were observed in larger females that were classified histologically as mature recovering females, but macroscopically as immature. These discrepancies were most prominent among pouting collected during the summer and autumn, after the peak spawning period (February-April).
Oocyte development
Histological examination of the gonads revealed that pouting exhibit an asynchronous ovarian development organization, i.e. oocytes of all stages of development are present without a dominant population. This asynchrony was reflected by the mean oocyte size-frequency distribution (Fig. 6 ). In pouting, there was a continuous oocyte sizefrequency distribution for every maturity stage except ovaries at the hydrated stage, which had a separate mode of very large (>800 µm) hydrated oocytes. Throughout all the mature maturity stages, there were several modes within the continuous oocyte size frequency distribution, which indicated the presence of several different batches of oocytes.
Mean oocyte diameter, excluding hydrated oocytes, showed a slight decrease (p = 0.05, r 2 = 0.072) as the main spawning season progressed from January to May 2004 (Fig. 7) .
Fecundity
The relative number of developing oocytes (RNDO) per g of gutted body weight), significantly declined (r 2 = 0.996; p < 0.01) over the main spawning season from January to May (Fig. 8) . Pouting (Trisopterus luscus) mean oocyte size-frequency distribution by maturity stage: ripening (n = 9), spawning-hydrated (n = 9), recently spawned (n = 9), partly spent (n = 4) and inactive mature (n = 4). NDO for the whole spawning season (January-May) ranged from 20 000 to 1 327 000 oocytes per female (fish length ranged between 19 and 40 cm). Taking into account all the samples taken during the year, NDO-Length and NDOWeight relationships were significant but both relationships showed a relatively low fit (r 2 = 0.649 and r 2 = 0.699 respectively). However, when only females at stages prior to spawning were considered, these relationships improved notably (NDO-Length: r 2 = 0.869; p < 0.01 and NDO-Weight: r 2 = 0.888; p < 0.01). Estimates of parameters are listed in Table 6 .
The NDO-Weight and NDO-Length (Fig. 9 ) relationships were significantly different if we compared pre-spawning and spawning females for each of these variables (ANCOVA: F = 137.58; p < 0.01 and F = 73.95; p < 0.01 respectively).
Batch fecundity (number of hydrated eggs) was slightly related to female length and gutted weight:
Batch Fecundity = 0.028 × L 3.802 with r 2 = 0.293; p < 0.01
Batch fecundity ranged between 50 and 57 500 hydrated oocytes (fish length ranged between 19 and 40 cm) throughout the spawning season.
RNDO and relative batch fecundity yielded a mean of 803 developing oocytes and 46 hydrated oocytes respectively per gram of gutted female throughout the year. If we take into account only pre-spawning females, RNDO yields a mean of 1176. Thus, a female of 300 g weight (30 cm total length approximately) in pre-spawning condition would have 352 800 developing oocytes on average and could spawn a total of 13 800 eggs per batch.
The ratio NDO/batch fecundity gives an approximation of the total mean number of batches that will be released; in this case this relationship was assessed using the mean NDO (210 560 oocytes) divided by the mean batch fecundity (10 805 hydrated oocytes). The result gave an estimate of 20 batches per female during the spawning season. 
Follicular atresia
Follicular atresia was observed throughout the year, but the levels of prevalence and intensity varied considerably (Table 1 ). The lowest average relative intensity of follicular atresia was observed from December 2003 to April 2004 (0 to 5%), i.e. just prior to or during the main spawning season. Conversely, the highest atresia levels, ranging from 0 to 19%, were observed in May, and thus coincided with the beginning of the post-spawning period.
Discussion
Pouting, Trisopterus luscus, is one of the most abundant and commercially important demersal fish on the coast of Galicia. In spite of decreasing commercial catch rates, the only restriction on harvesting is a minimum fish size of 20 cm. There is no scientific stock assessment for pouting and thus no biological reference points to prevent overfishing.
This study determined, based on histological methods, that length at maturity (L 50 ) was 19.2 cm. A result that differed from previous estimates of 18.2 cm and 22 cm (Merayo 1996a) , which were based on macroscopic assessment. The macroscopic estimate in the present study, 22 cm, was nevertheless similar to that obtained by Merayo (1996a) . Differences between histological and macroscopic ogives normally arise from the difficulty of distinguishing immature from spent fish. Histological staging gives less biased estimates of maturity (Hunter et al. 1992; Stark 2007) . However, size at maturity is known to be a highly plastic parameter that changes under external pressure, and so the observed differences may thus be the consequence of changes in the stock (Trippel 1995; Domínguez-Petit et al. 2008) .
Histological examination of the gonads revealed that pouting possesses asynchronous ovarian development, i.e. oocytes of all stages of development are present without dominant cohorts (Wallace and Selman 1981; Murua and SaboridoRey 2003) . Pouting has a very protracted spawning season, indicated by the occurrence of some females in spawning condition throughout the year. Most females began spawning during the first part of the year (January to May), and peak spawning occurred between February and April. Similar results were reported by and Merayo (1996a) . The period of peak spawning was tracked by the GSI results in this study. GSI was being rebuilt in October through December, after the peak spawning period. Most species showing asynchronous oocyte development have indeterminate fecundity, but some may have determinate fecundity (Hunter and Macewicz 1985; Greer Walker et al. 1994; . However, in these species egg release is concurrent with oocyte recruitment, and hence ovary weight changes only slightly during most of the spawning season: giving a dome-shape GSI curve, or simply no trend at all. However in pouting, the GSI peak was followed by a sharp decrease over the next two months, which indicates that there was a rapid loss of eggs and no replacement. The lack of oocyte replacement over the spawning season implies determinate fecundity.
Several methods were used to ascertain fecundity type. The first method compared variation in the stage-specific oocyte size-frequency distribution during the annual reproductive cycle. The results showed that oocyte size distribution did not present a well-developed hiatus between primary growth oocyte stock and the standing stock of developing oocytes except hydrated ones, which should not be considered for this type of analyses.
A second method was therefore used to define pouting fecundity, by monitoring changes in mean diameters of developing oocytes over the spawning season. The evolution of the mean oocyte diameter showed a low but significant decrease over the spawning season, which could mean that there was recruitment of new oocytes to the stock of developing oocytes over the spawning season, characteristic of species with indeterminate fecundity (Hunter et al. 1989) . However, the observed decrease may also be the consequence of the asynchronous development of oocytes. Nevertheless, when mean oocyte diameter was analyzed in the successive ovary developmental stages instead of through the season, a slight increase was observed that suggests there is no de novo vitellogenesis after the onset of ripening, i.e. that fecundity is determinate. This conclusion was supported by the results from another method monitoring the relative number of developing oocytes (RNDO) within the ovaries during the spawning season . Pouting RNDO decreased during the spawning season, indicating that there was no replacement of the standing stock of oocytes after every spawned batch and thus determinate fecundity (Hunter et al. 1989) . Similarly, total fecundity was one million oocytes for a 40 cm female on average, a level characteristic of determinate fecundity. Additionally, NDO-Length and NDO-Weight relationships showed higher numbers of developing oocytes in females prior to spawning. Under the premise that pouting are determinate spawners, NDO in pre-spawning females can be assume to be an index of potential fecundity.
The relative batch fecundity range of pouting in this study was from 5 to 67 eggs g −1 (fish weight range: 108 to 366 g). This range contrasts with other indeterminate spawning species, which produced larger batches, such as Merluccius merluccius, M. capensis and M. paradoxus with 123, 160 and 306 eggs g −1 of relative batch fecundity respectively, or clupeids like Sardina pilchardus with close to 350 eggs g −1 (Osborne et al. 1999; Ganias et al. 2004; . The ratio between the number of developing oocytes and batch fecundity had an average value of 20. Therefore, assuming a spawning season of 4-5 months, pouting could produce a batch every 6-7 days. This means that if pouting is a determinate spawner, a female will spawn an average 20 batches during the spawning season: a figure very close to that for other determinate species (Kjesbu 1989; Kjesbu et al. 1996) . Levels of atresia during the year varied considerably, this criterion should therefore be used with caution. Highest levels of atresia were found at the end of spawning season, May and June, but a smaller peak of atresia was found just before the next spawning season (December 2004) . This second peak could be associated with the fecundity regulation process typical in determinate fecundity species like Atlantic herring (Kurita et al. 2003) .
The spawning activity of female pouting was reflected in the GSI. GSI development was correlated with the HSI and K, which had a clear inverse seasonal pattern to GSI. The correlation suggests that there was a mobilization of reserves for gonad development and high energy investment in reproduction (Merayo 1996b; . The condition index could be used to forecast potential energy content and nutritional state in the stock, as it is done for other determinate species like cod (Lambert and Dutil 1997) . The condition factor index could also be used to predict the species fecundity and reproductive success (Kjesbu et al. 1991; Marshall et al. 2003) .
Knowledge of spawning pattern and reproductive strategy is a basic requirement for the improvement of fish stock management (Marshall et al. 2003) . This study shows that pouting on the Galician shelf mature at a greater length than was previously estimated, have asynchronous oocyte development, and a protracted spawning season from January to May with a spawning peak between February and April. However, one of the most important findings in this study is that pouting exhibit determinate fecundity. This is a key aspect to understanding oocyte recruitment and reproductive strategy, estimates can be made of individual potential fecundity that will facilitate estimation of total egg production and future studies on stockrecruitment relationships.
